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Background: Hyponatremia based on syndrome of inappropriate antidiuretic hormone hypersecretion (SIADH) is
observed in up to 15% of patients with small cell lung cancer (SCLC). The electrolyte imbalance is associated with a
high morbidity and mortality and often delays appropriate treatment. Management of hyponatremia proved to be
challenging until new vasopressin-2 receptor antagonists such as tolvaptan became available. This is the first report
which presents a prospective case series with an efficient management of hyponatremia including tolvaptan in ten
patients with SCLC and severe SIADH (plasma sodium < 125 mmol/l).
Methods: Ten patients with SCLC and severe SIADH were followed after the onset of clinical symptoms of SIADH.
Patients were chosen on the basis of histological proven diagnosis of SCLC and the clinical picture of a
neurocognitive deficit caused by SIADH-related hyponatremia. All patient data were monitored for clinical
improvement based on ECOG status, commencement of chemotherapy and correction of sodium levels.
Results: The treatment followed a diagnostic and treatment algorithm and lead to a rapid and efficient correction
of both clinical symptoms and plasma sodium level.
Conclusions: Based on this algorithm all patients started chemotherapy in time. Subsequently, the treatment with
tolvaptan lead to an improvement of the ECOG-performance status. In addition, all patients benefit from the
effective management of SIADH which omitted prolonged hospital stays and non-elective hospitalizations due to
an unstable clinical condition due to severe hyponatremia. These observations add new insight to management of
SIADH in thoracic oncology and are of interest for specialists in oncology, endocrinology and pulmonary medicine.
Keywords: Small cell lung cancer (SCLC), Hyponatremia, Syndrome of inappropriate antidiuretic hormone
hypersecretion (SIADH)Background
Lung cancer is one of the leading causes of death for
cancer-related mortality worldwide. In 2007 1.3 million
people were diagnosed with lung cancer. Small cell lung
cancer (SCLC) is found in up to 15–20% of all newly di-
agnosed lung cancer cases [1,2]. The highly malignant
SCLC tumor consists of primitive cells derived from the
neuroendocrine lung and is associated with paracrine
and paraneoplastic syndromes. Smoking, sex, initial
tumor burden and LDH levels have been found to play a
role in the outcome and prognosis of the patients. As* Correspondence: christian.grohe@elk-berlin.de
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reproduction in any medium, provided the orrecently demonstrated, persistent hyponatremia also ap-
pears to be a negative prognostic marker for overall sur-
vival in SCLC patients [3-5].
Hyponatremia is common in patients with lung cancer
[6-8]. Clinical symptoms such as dizziness, tremor, agita-
tion and other neuropsychiatric symptoms have to be
taken into consideration for the diagnosis of clinically rele-
vant hyponatremia. Mild symptoms such as fatigue occur
in mild (plasma sodium = 130-134 mmol/l) and in moder-
ate hyponatremia (plasma sodium =125-129 mmol/l) [9].
Clinical symptoms can aggravate in hyponatremia (plasma
sodium <125 mmol/l). The SIADH is a common finding
in SCLC patients with euvolemic hyponatremia [10].l Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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of all SCLC patients, but only in 2-4% of all non-small
cell lung (NSLC) cancer patients, as recent retrospective
series demonstrated [3,4,11]. In SCLC patients SIADH is
diagnosed predominantly in advanced stages and may
induce a significant reduction in plasma sodium levels.
Retrospective data point out that hyponatremia and the
lack of correction of sodium can lead to a poor outcome
in SCLC patients. Furthermore, these data suggest that
the correction of hyponatremia may affect the prognosis
of the patients [3,4]. Correction and stabilisation of the
sodium levels are required to initiate chemotherapy
treatment and finally for the successful treatment of the
underlying disease.
At the time of diagnosis SCLC patients in advanced
stages of disease are often in a very limited performance
status. In addition, comorbidities such as hyponatraemia
or cardiovascular disease may delay the initiation of sys-
temic chemotherapy and increase early mortality. His-
torical cohorts have shown that up to 40% of patients
will not receive an effective primary chemotherapy due
to a low Karnofsky-Index [2]. New, supportive thera-
peutic options such as the rapid stabilization of the so-
dium metabolism could be helpful in this context.
However, no prospective studies for the treatment of
hyponatremia in SCLC patients have been reported on a
larger scale, due to the lack of a standardized hyponatremia
therapy. Recently, the vasopressin-2-receptor antagonist
tolvaptan has been approved for the treatment of severe
SIADH-associated hyponatremia [12]. An efficient correc-
tion of hyponatremia by tolvaptan has been found in a sub-
group of SIADH patients out of mixed etiologies [12]. New
data has shown that intervention with tolvaptan may be ef-
fective for correction and stabilisation of acute onset
hyponatremia in SIADH patients [5,13].
Up to now, only few data exist for SCLC patients with
SIADH and sodium levels below 125 mmol/l and no
data showing a long term follow-up of treatment with
tolvaptan. This analysis shows a prospective case series
for hyponatremia management with tolvaptan in ten
SCLC patients with severe SIADH.
Methods
In ten patients with SCLC and severe SIADH (pNa <
125 mmol/l), diagnosed in the Evangelische Lungenklinik
Berlin between June 2010 and April 2012, HN treatment
including tolvaptan was monitored. An ethics committee
approval was sought and granted (EV.-No.EA1-289-09).
All patients provided consent for publication of individual
clinical details in this manuscript.
SIADH was confirmed by the measurement of plasma
and urine sodium and plasma and urine osmolality. Hypo-
and hypervolemic hyponatremia were excluded as well as
hyponatremia due to other endocrine causes such asadrenal insufficiency based on adrenal gland metastasis or
hypothyroidism. Hyponatremia-inducing medication such
as thiazides or carbamazepine were discontinued.
For management of hyponatremia, a diagnostic and
treatment algorithm was designed (see Figure 1). All pa-
tients with hyponatremia were treated according to this
algorithm.
When standard hyponatremia treatment such as fluid
restriction or 3% hypertonic saline infusions failed to im-
prove the clinical condition, patients received an initial
dose of 15 mg/d tolvaptan. Alternative hyponatremia
treatment options were stopped 12 hours beforehand.
During tolvaptan treatment, no fluid restriction was
enforced.
All patients with tolvaptan treatment were monitored
as inpatients. Weight and the clinical status were
assessed frequently and the clinical and laboratory data
were registered and analyzed. The ECOG performance
status was surveyed as a scale for quality of life. Follow-
up data were collected for outcome analyses. Deadline
for follow-up was December, 31 in 2012.
Results
The patient characteristics in Table 1 show that most
SCLC patients were in stage IV. Gender and age distri-
butions were within standard deviations. In eight of ten
patients, SIADH has been found in time of diagnosis
(see Diagrams 1 to 8). Two of ten patients developed
SIADH during the course of the disease (see Diagrams 9
and 10).
In all patients with SCLC and SIADH management
lead to a rapid clinical improvement. Platinum based
chemotherapy could be administered in all patients.
The dose of 15 mg tolvaptan per day was sufficient to
raise the plasma sodium levels significantly. The median
number of days of tolvaptan treatment per treatment
episode was 4 days (an episode was defined as continu-
ously given treatment up to an interruption >72 hours).
Only two patients needed long-term tolvaptan treat-
ments > 10 days to stabilize the plasma sodium levels >
125 mmol/l. The duration of plasma sodium mainten-
ance >125 mmol/l was in median 17.5 days (range 2 to
614 days), as shown in Table 2 (Figure 2).
No serious adverse events or neuropsychiatric deficits
were observed during treatment with tolvaptan or in the
post-interventional clinical course. In particular, in cases
with rapid increase of sodium levels > 10 mmol/l in
24 hours, we found no neurological deficits. Treatment
with tolvaptan was accompanied by the improvement of
the ECOG performance status and ensured that 1st and
2nd line chemotherapy options were commenced in all
patients.
In patients with tolvaptan treatment, no non-elective
admissions due to clinical worsening or prolonged
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Figure 1 Diagnostic and treatment algorithm.
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Table 1 Patients characteristics for ten monitored SCLC patients with confirmed SIADH






1 m 52 121 T4 N1 M1b (brain) 19
2 m 70 121 T4 N3 M1b (hepatic, osseous, pleura) 8
3 m 66 118 T4 N3 M1b (cervical, pulmonal, osseous) 8
4 f 62 115 T4 N2 M0 20, lives
5 f 62 118 T4 N3 M1b (hepatic) 11
6 m 66 120 T3 N2 M0 11
7 m 50 116 T2a N1 M0 2
8 f 63 117 T4 N3 M0 11, lives
9 m 71 122 T4 N3 M1a 5
10 m 65 117 T4 N3 M1b (hepatic, osseous) 10
(Localisation of the metastases indicated in parentheses).
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hyponatremia.
The follow-up time until death was 2–20 months (me-
dian 10, 5 months); two patients are alive. None of the
patients died due to the hyponatremia intervention.
Discussion
SCLC belongs to a class of the most malignant solid tu-
mours. At the time of diagnosis most of the patients
(90%) have to be classified as patients with limited, pal-
liative treatment options. Due to the advanced age of
this cohort (median 70 years) comorbidities such as car-
diovascular diseases or respiratory insufficiency influence
the therapeutic strategies. Paraneoplastic syndromes,
hyponatremia in particular, is common in SCLC (up to
15% of all patients). In 1957, Schwartz and Bartter de-
scribed this clinical phenomenon of inappropriate
antidiuretic hormone (ADH) secretion in patients with
lung cancer and introduced the term SIADH.Table 2 Number of tolvaptan epissodes, days of tolvaptan tre
monitored SCLC patients with confirmed SIADH
Case Number of
tolvaptan episodes
Days of tolvaptan treatment per episode
Median Min Max
1 8 4 1 6
2 3 3 1 3
3 5 7 5 102
4 1 4 4 4
5 1 4 4 4
6 6 2 2 6
7 2 5 3 7
8 15 4 1 18
9 3 3 2 4
10 3 2 2 2
Total 47 4 1 102In general, SIADH can be diagnosed on the basis of
plasma and urine sodium levels and osmolality. Treat-
ment of SIADH should always be set in correlation with
the clinical picture of hyponatremia before the treatment
option is chosen. Chronic hyponatremia (plasma Na <
125 mmol/l) in lung cancer can often be oligosymptomatic.
Acute loss of sodium in hyponatremia is, in contrast, asso-
ciated with agitation, lack of concentration or compliance
and requires urgent control of the symptoms. Therefore,
before treatment options are chosen in individual cases,
and especially in clinical presentations such as fatigue or
wasting syndrome, the concerted action of specialists in
the field such as endocrinologists and pulmonologists is
sought.
As Hansen et al. [4] pointed out, hyponatremia in lung
cancer patients is not only confined to the diagnosis of
paraneoplastic SIADH. Other causes such as co-medications
should be checked and considered to optimize the thera-
peutic goal. Hyponatremia treatment is based on clinical andatment and duration of pNa maintenance for the ten













Figure 2 Diagrams for the cases one to ten with the clinical course (sodium levels, applied chemotherapy, ECOG performance status).
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algorithm given in Figure 1 proved to be helpful for a
standardization of the hyponatremia management.
SIADH in SCLC is up to now a therapeutic challenge.
Treatments with conventional therapeutic options such
as fluid restriction or sodium chloride substitution, as
well as with oral or intravenous medications, are often
insufficient. Therapeutic oral drug preparations, such as
demeclocycline, show only a slow and delayed increase
in sodium levels in SIADH-associated hyponatremia.Fluid restriction or 3% hypertonic saline infusions is left
as an option to reduce clinical symptoms which are re-
quired to start treatment. As most patients were in stage
IV, an early commencement of chemotherapy was
sought. A poor control of hyponatremia in this cohort
may induce delays in the initiation of chemotherapy and
consequently raise the disease-related morbidity and
possibly mortality.
As illustrated in this analysis for SCLC patients with
severe SIADH for the first time, hyponatremia management
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of the plasma sodium level and can enable patients to
receive chemotherapy. Subsequently, the treatment with
tolvaptan supported the treatment of the underlying
SCLC disease and lead to an amelioration of the ECOG-
performance status. In all patients studied, no neurological
deficits were observed. In particular, no clinical presenta-
tions of sodium overcorrection, as has been reported with
hypertonic saline infusion, which may cause central
pontine myelinolysis, were observed.
Conclusion
Short treatment periods of tolvaptan (15 mg/d) were suffi-
cient to stabilize sodium levels in the majority of the cases.
Correction of sodium and the amelioration of the clinical
symptoms may help to improve the prognosis in patients
with extensive disease. In addition, hyponatremia manage-
ment may shorten inpatient treatment periods and
minimize emergency room calls. Furthermore, treatment
with tolvaptan is a recommendable and safe treatment op-
tion for terminally ill patients who require emergency
treatment in a palliative situation.
Further studies are necessary to analyze whether lower
doses of tolvaptan (<15 mg/d) are sufficient for an effect-
ive treatment of severe SIADH in SCLC, as these pa-
tients responded very efficient to the dose of 15 mg/d. It
is reasonable to imagine that tolvaptan may become a
standard treatment option in primary or recurrent SCLC
patients with SIADH, especially in patients with bulky
disease and severe hyponatremia.
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